Background: the mortality and morbidity of falls in older people is significant, with recurrent fallers being at an increased risk. The most effective way to reduce falls in this group is not clear. Objective: to determine the effectiveness of two interventions, one based in primary care and the other in secondary care, at preventing further falls in recurrent fallers. Design: cluster randomised controlled trial. Participants: sixty-five years or over, living in the community, two or more falls in the previous year and not presenting to an emergency department with index fall. Setting: Mid Hampshire, UK. Intervention: eighteen general practices were randomly allocated to one of three groups. The primary care group was assessed by nurses in the community, using a risk factor review and subsequent targeted referral to other professionals. The secondary care group received a multi-disciplinary assessment in a day hospital followed by identified appropriate interventions. The control group received usual care. Follow-up was for 1 year. Results: five hundred and five participants were recruited. Follow-up was completed in 83% (421/505). The proportion of participants who fell again was significantly lower in the secondary care group (75%, 158/210) compared to the control group [84%, 133/159, adjusted odds ratio (OR) 0.52 (95% CI 0.35-0.79) P = 0.002]. The primary care group showed similar results to the control group [87%, 118/136, adjusted OR 1.17 (95% CI 0.57-2.37) P = 0.673]. Conclusion: a structured multi-disciplinary assessment of recurrent fallers significantly reduced the number experiencing further falls, but a community-based nurse-led assessment with targeted referral to other professionals did not.
Introduction
Falls are a major cause of death, injury, functional decline, hospital admission, psychological trauma and institutionalisation in older people [1] [2] [3] [4] . Recurrent fallers are at higher risk [1, 5] . The most effective type of interventions, the optimal setting and the best groups to target were not clear [6] .
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The structured bi-disciplinary assessment of fallers presenting to an emergency department significantly reduced subsequent falls [7] . A community-delivered intervention targeting those with falls risk factors was beneficial [8] although a less intensive intervention in the community was not [9] . Several studies included some older people with recurrent falls [7, 8, 10] but, at the time of design of this study, only one had investigated this group specifically [9] . Subsequently, a multifactorial intervention in recurrent, fallers presenting to an accident and emergency department, achieved significant reduction in total falls but not the proportion of fallers [16] .
This study looks at two interventions in community dwelling older recurrent fallers, who had not attended an emergency department for their most recent fall, comparing effectiveness in preventing falls against usual care in a cluster randomised controlled trial.
Methods

Participants
Participants were 65 and over with two or more falls in the preceding year. Community-based health professionals and social services staff identified fallers using a standard definition of a fall [7] . The most recent fall prior to recruitment was termed the index fall. Exclusions: life expectancy less than a year, plans to move from the area within 1 year, abbreviated mental test score [11] of less than 7, non-English speakers with no available interpreter and nursing home residents. The immobile were not excluded.
Randomisation and baseline assessment
All 19 general practices within the Mid-Hampshire Primary Care Trust area were invited to participate: one declined. Practices were stratified into urban (3) and rural (15) and randomly allocated to the three arms, in blocks of three, using a random number generator on a Hewlett Packard 21S pocket calculator. Consent was gained at the cluster level from the lead general practitioner in each practice prior to randomisation. Individual participants consented after receiving an information leaflet about the project. Local research ethics committee approval was granted.
A baseline assessment (demographic information, abbreviated mental test score [11] , modified Barthel index [12] , timed 'Get up and Go' test [13] , medical diagnoses, drug history, details of the index fall and previous falls and risk factors for osteoporosis) was conducted by a nominated nurse for each practice.
Interventions
Secondary care intervention group participants attended a one-stop multi-disciplinary clinic with referral for investigations, interventions (including Homecheck) and follow-up if necessary. Primary care intervention group participants received an assessment by the designated trained nurse to identify risk factors for falls: if problems were identified, referrals to appropriate professionals in primary or secondary care were made. The usual care group received a baseline assessment but were managed by their primary care team without specific guidance: referral to routine services was at the discretion of the primary care clinicians. Intervention assessments in the primary and secondary groups were standardised: further management of each participant was then individualised, with no specific protocol, and interventions were recorded (Appendix 5).
Follow-up
Participants were followed monthly for 12 months. If a participant had fallen, they indicated how many falls they had by selecting from the options of 1, 2, 3, 4 or >4. Concerns raised regarding accuracy of recall for higher numbers of falls meant that participants were not asked to give numbers of falls >4. If the card was not returned, the participant was contacted by telephone. An exit assessment was performed after 1 year. Blinding to the intervention group of those collecting and analysing data was impractical, but all data collected were entered without alteration.
Outcomes
Primary outcome was the proportion of participants in each group who had at least one fall during follow-up. Secondary outcomes were death, move to institutional care, change in Barthel score, change in timed 'Get up and Go' score, fallrelated fractures and admissions.
Sample size
We assumed that 52% of controls would fall [7] . Estimating the (unknown) intra-cluster correlation coefficient to be 0.01, initial calculations estimated that 150 participants in each arm (450 total) would show a 20% reduction in the proportion of participants falling during the follow-up period usingά = 0.05 and (1 − β) = 0.8. Using an interim intra-cluster correlation coefficient (0.019), final sample size was re-calculated as 172 per arm (516 total).
Statistical analysis
Analysis was conducted in accordance with the principles laid out in ICH E9 guidelines on an intention to treat basis [14] . The small number of allocation units in this trial made it unlikely that randomisation alone would control entirely for confounding. Dichotomous outcomes were analysed using logistic regression analysis in Stata 9.0, adjusted for clustering by practice and for baseline variables of age, modified Barthel index, previous number of falls, consumption of four or more drugs, calcium or calcium and vitamin D use and joint disease. Adjustment for clustering in Stata specifies that observations are independent across groups (clusters), but not necessarily within groups. To cope with this a Huber/White/sandwich robust estimator of variance is used in place of the traditional calculation to allow observations that are not independent within cluster (although they must be independent between clusters) [17] [18] [19] . The primary outcome was additionally analysed using Cox regression, adjusted for the same potential
The Winchester falls project confounders, using the month of first fall during follow-up as a proxy for time to first fall. Stata uses a similar method to allow for clustering in Cox regression to that used in logistic regression. One outcome (change in Barthel score) was a continuous variable and was analysed in a multi-level model in SPSS 12.0, adjusting for the same potential confounders [20] . Separate analyses were performed for primary and secondary intervention groups against usual care as a control. The intention to treat analysis included all eligible randomised patients and assumed those lost to follow-up had either undergone a negative event (fall/death) or had not undergone a positive change (modified Barthel index). A further analysis was undertaken using observed data alone.
Results
Participants
Recruitment occurred between June 2000 and June 2003 with follow-up completion in June 2004. Seven hundred and twenty-eight people were referred and 516 recruited [93/212 (44%) of those who were not recruited declined to participate]. The average age of those declining participation or meeting exclusion criteria was 85 years and 28% (59/212) were male. Eleven participants were found to be ineligible because they had attended an emergency department with their index fall. Flow of participants is given in Figure 1 with cluster details in Appendix 1.
Baseline characteristics are in Table 1 : groups were remarkably similar, but there were a greater number of participants recruited to the secondary care arm due to differences in the underlying demography of participating practices. Appendix 2 gives details of reasons for non-completion. Appendix 3 shows the identified risk factors and triggered referrals in the primary care arm. Appendix 4 gives details of risk factors identified in secondary care arm participants. The assessment process and risk factor identification are not directly comparable between the two groups because of the design of the interventions. A quarter (47/192, 25%) of the index falls in the secondary care arm participants were multifactorial. (The Appendices are available at Age and Ageing online.)
Follow-up and falls diary completion
Completion rate (those who completed the 12th month of data were considered to have completed follow-up) was high and consistent (Appendix 5). Six participants did not return data for 1 month each (two in primary care arm, four in secondary care arm) and two participants did not return data for 2 months each (both in secondary care arm). Table 2 shows an intention to treat analysis which assumes that all lost to follow-up fell or suffered an adverse event. Eighty-four per cent (133/159) of the usual care group fell again compared to 75% (158/210) in the secondary care group and 87% (118/136) in the primary care group. Secondary care intervention was more effective than usual care [adjusted OR 0.52 (95% CI 0.35-0.79) P = 0.002] but the primary care intervention was not [adjusted OR 1.17 (95% CI 0.57-2.37) P = 0.673]. There were no statistically significant differences between the two intervention groups and the control group for fractures, hospital admission or moves to institutional care. The secondary care group had a significantly more positive Barthel index at exit than the usual care group, but there was no significant difference for the primary care group. A Cox regression analysis for time to first fall showed a hazard ratio of 0.723 in the secondary care arm (95% CI 0.562-0.93; P = 0.012) compared to the usual care arm, but a hazard ratio of 1.113 (95% CI 0.855-1.45; P = 0.427) in the primary care arm. The mean time to fall in the secondary care group was 5.2 months (95% CI 4.5-5.9) and in the primary care group was 3.8 months (95% CI 3.1-4.6).
Intention to treat analysis
Analysis based upon observed events
Appendix 6 shows analysis based upon observed events. Significant reductions are shown in the secondary care group in proportions of people falling, sustaining fractures, being admitted to hospital and dying in 12 months following intervention. There is also a significant improvement in Barthel score in the secondary care group. One outcome is significantly improved in the primary care group in this analysis, but not in the secondary care group: the proportion with a timed 'Get up and Go' score of <30 s is 82% in the primary care group compared to 72% in the usual care group [OR = 2.01 (95% CI 1.02-2.71) P = 0.045].
Interventions in primary and secondary care groups
Interventions in the usual care group were not monitored, to avoid a Hawthorne effect. The mean duration of the primary care intervention was 71 min (including risk factor review and subsequent GP/ therapist assessments). A risk factor assessment alone took an average of 21 min. The majority in the primary group required referral to one or more disciplines (87%, 118/136) with most (64%, 76/118) requiring two or more referrals. Overall 66% (90/136) were referred to the general practitioner, 39% (53/136) to an occupational therapist and 58% (79/136) to a physiotherapist. The mean duration of the secondary care intervention was 121 min for assessment by doctor, nurse, physiotherapist and occupational therapist.
Interventions in the primary and secondary groups are given in Appendix 7. The most striking difference between the groups was in the proportion that had medication changes [22/135 (16%) in the primary care group versus 99/192 (52%) in the secondary care group]. A small number of participants in the primary care groups (4%, 6/135) and control group (3%, 5/159) were referred for evaluation by a geriatrician or falls clinic. 
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Discussion
A multi-disciplinary day hospital-based assessment reduced the absolute risk of a further fall in older recurrent fallers living in the community by 9% and reduced the time to first fall, but a nurse-led risk factor assessment with targeted referral was not effective. We found no significant differences between the groups for death, fracture, admission to hospital or institutional care on an intention to treat analysis, but using observed data alone we also found significant reductions in these outcomes in the secondary care intervention arm. The difference may be accounted for by 18 people in the secondary care intervention arm who withdrew from the trial prior to intervention. Of these, one died and three withdrew
The Winchester falls project for medical reasons: the other 14 gave no reason, but it is possible that the requirement to travel to a hospital for intervention played a part in their decision. It would have been unethical to follow them up but it is difficult to believe that they all died within 12 months of withdrawing, or that they all suffered fractures. By assuming that they did, the intention to treat analysis may have concealed some real effects of intervention.
The reduction in falls in the secondary care group is consistent with other findings and demonstrates that falls are preventable, with appropriately skilled intervention, in a high-risk group [7, 8, 15] . Our findings are supported by a further study of recurrent fallers, published since ours was conducted, achieving a reduction of 36% in the number of falls, although not of fallers, with specialist multi-disciplinary assessment [16] .
At the time of the trial design, individuals presenting in primary care were not routinely referred for further assessment. Subsequent national and international guidelines recommend a specialist review for recurrent fallers, wherever they present [21] [22] [23] . A systematic review and a meta-analysis of falls prevention in older people have been published since the start of our study, and both conclude that the multifactorial assessment is beneficial in reducing falls [24, 25] . It is unclear which C. L. Spice et al. are the most effective components of multi-disciplinary assessments and what format they should take. We attempted to clarify this by directly comparing two approaches with usual care. Simple risk factor identification and subsequent appropriate referral are an attractive option as it is less time consuming and can be applied within many settings, including primary care. Two other studies of interventions similar to those in our primary care intervention arm have been unsuccessful in reducing falls, and in one of these, this may have been due to difficulties in ensuring that suggested interventions took place [9, 10] . Tinetti et al. [8] demonstrated a reduction in falls of 12% in a high-risk group but the intervention was bi-disciplinary and much more intensive and specific than the primary care intervention in this study. This study showed a difference in the identification of risk factors, for example postural hypotension, environmental hazards and visual problems. In our study, the major difference apparent between the interventions in the two groups was in review of medication and recommendation for change: this occurred in 52% in the secondary care group compared to only 16% in the primary care group. At the exit assessment, hypnotic/sedative prescription in particular was actually higher in the usual care and primary care groups than at baseline but lower in the secondary care group. A medication review was an important component of most multifactorial assessments examined by Chang and colleagues [24] , and planned withdrawal of hypnotic/sedative drugs has also been found to reduce falls [26] . It is noteworthy that the percentage identified as being at risk from medication in the primary care arm (85%) and the number referred for the GP assessment (66%) were both much higher than that in whom medication change occurred (16%). What does this mean? Possibly, that reviewing and changing medication prescribed by someone else is easier than reviewing and changing medication one has prescribed oneself. This suggests that a role may be found for an independent medication review in primary care. However, although not specifically undertaken with falls prevention in mind, trials of medication review in primary care have sometimes produced results contrary to the expected [27] .
